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Background: the variability of venous reflux patterns complicate the management of venous disease. Our study investi-
gates specific variations in venous anatomy and patterns of reflux in varying clinical situations.
Methods: prospective analysis of 464 legs in 355 patients was performed by complete duplex venous mapping of both
primary and recurrent varicose veins. Hand Held Doppler (HHD) and Duplex Ultrasonography (Duplex US) observations
in the popliteal fossa were compared in a subgroup of 89 patients with primary varicose veins. Distribution of venous
system disease was correlated with clinical severity in a subgroup of 117 affected legs which was representative of the overall
study group.
Results: sapheno-femoral junction (SFJ) incompetence predominated in both primary and recurrent varicose veins. Only
21% of primary legs and 25% of recurrent legs had sapheno-popliteal junction (SPJ) incompetence. SPJ incompetence was
present in only 42% of cases where reflux in the popliteal region on HHD had been demonstrated. A proportion of both
primary and recurrent varicose veins had evidence of deep venous incompetence (DVI). Sixty-four percent of primary leg
ulcer patients had superficial incompetence alone. In patients with recurrent varicosities and ulceration, 57% had SPJ
incompetence, 64% multiple sites and 50% DVI.
Conclusion: the complex variations of varicose vein anatomy and functional pathology in the lower limb are currently best
assessed by complete whole-leg venous duplex mapping.
Key Words: Varicose veins; Chronic venous insufficiency; Duplex ultrasound; Whole leg mapping.
Introduction
The management of varicose vein disease poses a
particular challenge to surgeons. This is partly due to
the complex anatomy and pathophysiology involved
and the need to improve clinical outcomes, so redu-
cing the pressure on waiting lists and operating time,
by minimising primary surgical failures and early
recurrences.1 The most obvious way of achieving this
is by dealing effectively with the principal sources of
reflux at the first operation. These may not be accura-
tely identified by clinical and Hand Held Doppler
(HHD) examination and some form of additional
investigation is now recommended prior to surgery,
placing heavy demands on currently available
resources.2
HHD has an important role in venous assessment
but is unable to distinguish between anatomic terri-
tories. Mercer et al.3 found that the sensitivity of HHD
for identifying reflux at the sapheno-femoral junction
(SFJ), sapheno-popliteal junction (SPJ), and thigh per-
forators (TP) was much less than that of Duplex Ultra-
sonography (Duplex US) (73 vs 77%, 51 vs 93, 94 and
85% respectively). Other series have suggested that
24±28% of operations may be performed inappropri-
ately based on HHD results alone.3 Duplex Ultrasono-
graphy (Duplex US) is a widely accepted method of
evaluating varicose vein disease in the legs. It is the
investigation of choice in the assessment of recurrent
varicose vein disease and chronic venous insufficiency
(CVI), and its more routine use in primary varicose
veins has probably been prevented only by cost and
manpower implications.
There have been many reports on the use of
Duplex US in varicose vein assessment but most
have concentrated on one particular aspect, such as
the SFJ or the SPJ. Routine whole-leg duplex mapping,
with its demonstration of the interrelationships
between all parts of the lower limb venous system
and the potential to modify and optimise surgical
management, has not been widely reported. We
report our experience of using this expanded tech-
nique for investigation of both primary and recurrent
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varicose vein disease, highlighting findings which are
relevant to the occurrence of residual and recurrent
disease.
Materials and Methods
Comprehensive duplex mapping of the leg veins was
performed in 464 legs in 355 patients over a 2-year
period in a busy district general hospital serving
240 000 patients. Approximately two-thirds of the
patients were referred by a single consultant vascular
surgeon and one third from other general surgical
consultants. The indications for referral fell into three
main groups: (1) uncomplicated varicose veins (i.e.
prominent varicosities without skin changes but symp-
toms such as ache or mild oedema), (2) non-nulcer
moderate chronic venous insufficiency (hyperpigmen-
tation, varicose eczema and/or lipodermatosclerosis
and/or moderate oedema), and (3) venous leg ulcer
disease. This broadly follows a simplified version of
Porter's classification4 as opposed to the more standard
but also more complicated CEAP classification for
venous disease.5
Patients were categorised as being `` primary'' if they
had had no previous surgery (excluding sclerotherapy
or simple avulsions) or `` recurrent'' if they had under-
gone more significant surgery, usually sapheno-
femoral or sapheno-popliteal ligation with or without
stripping. The reason for referral in uncomplicated
`` primary'' cases was evidence of reflux in the popli-
teal fossa on HHD examination or uncertainty about
groin reflux following clinical examination. All
patients had HHD examination at clinic consultation
prior to referral for duplex ultrasonography.
Scans were performed by a single consultant radi-
ologist and the whole lower limb venous system eval-
uated for patency, patterns of reflux, and anatomic
layout, using ATL HDI 5000 or HDI 3000 machines
(ATL, Bothell, WA., U.S.A.) with linear 10±5 MHz or
curvilinear 7.5±4 MHz transducers. Patients were first
examined supine and sitting while a three dimensional
plan of the entire venous system in the leg was
formulated, and then standing with the leg non-
weight-bearing, while reflux was assessed segment
by segment in all veins using distal compression
release. Incompetence was indicated by the presence
of reflux lasting more than 0.6 s and subjectively
graded by severity. The findings were recorded on a
semi-schematic diagram using red ink to indicate
incompetence and blue to indicate competence
(Fig. 1), the size of the varicosities being reflected by
the calibre of the red pen used. The completed
map was then scanned onto the hospital electronic
reporting system. Patterns of recurrence at the groin
area were classified using the validated system
described by Stonebridge et al.6 adapted to duplex:
Type 1a (main stem) recurrence having a completely
intact long saphenous vein despite the presence of a
groin wound. The distinction between Types 1b (tribu-
tary) and 1c (neovascularisation) being based on the
identification of branches entering a sapheno-femoral
stump at least 1 cm long in the former and the finding
of characteristic haphazard wriggly veins approach-
ing the femoral vein in the latter. Cross groin recur-
rence was categorised as 2a and mid-thigh perforator
recurrence was classed as 2b recurrence. All maps
were reviewed and the various patterns of incompe-
tence tabulated for both primary and recurrent
groups. A wide variety of such patterns were found,
of which the more common are shown in Fig. 2. The
average duration of each complete map was 15 min
compared with 3 min for traditional sapheno-femoral
and sapheno-popliteal junction scanning.
From the cohort of 239 primary leg maps, data from
a subset of 180 legs were analysed for the presence of
any incompetent vein in the region of the popliteal
fossa using Duplex US. In each case such incompetent
veins were then traced on the map to their source of
reflux, and then correlated with the findings on HHD.
The aim of this comparison was to elicit the reliability
of HHD in this region.
The last 59 primary and 58 recurrent legs from each
main cohort were categorised into one of three clinical
indication groups to allow evaluation of any differ-
ences between them in patterns of reflux.
Results
Three hundred and fifty-five patients were examined,
aged between 20±72 years with a mean age of 55, and
an equal sex distribution. Approximately half the legs
(239/464) were in the `` primary'' category and the
other half (225/464) were in the `` recurrent'' category.
The main findings in the two groups are presented in
Table 1. Table 2 demonstrates how the patterns of
incompetence varied, in the 59 primary leg maps and
the 58 recurrent leg maps reviewed separately, in rela-
tion to the clinical severity of venous disease. These 59
primary and 58 recurrent leg maps appeared to be
closely representative of the larger primary group.
Sapheno-femoral junction (SFJ)
Fifty-three percent of `` primary'' legs and 69% of
`` recurrent'' legs had SFJ incompetence. The majority
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of `` recurrent'' legs with SFJ incompetence had Type 1c
recurrence (neovascularisation) (Table 1). Forty-seven
percent of primary legs had SFJ incompetence alone,
and the overall incidence of SFJ incompetence was
similar in primary varicose veins no matter what the
severity of the venous disease (Table 2). In addition,
8/239 (3%) of primary veins had demonstrable LSV
incompetence without an identifiable source at SFJ or
elsewhere: `` segmental'' LSV incompetence.
Sapheno-popliteal junction and popliteal fossa (SPJ)
Twenty-one percent of `` primary'' legs and 25% of
`` recurrent'' legs had evidence of SPJ incompetence.
Of the 464 legs examined only 209 had a significant
normal or abnormal SPJ found in the traditionally
described location above the gastrocnemius vein
insertion and within 9 cm of the skin crease.7 In the
majority of legs scanned the short saphenous vein
 
Fig. 1. Venous mapping schematic.
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(SSV) continued cephalad, either running as a Vein of
Giacomini to join the long saphenous vein (LSV)
higher or perforating more proximally into a deep
muscular vein of thigh. A small minority of SSVs
perforated low in the calf to join gastrocnemius or
tibial veins.
Of the 180 primary legs in which the distribution of
varices in the lower leg (medial, posterior, lateral etc.)
were related to their sources of incompetence, 89 were
found to have demonstrable incompetence in the
region of the popliteal fossa, previously suspected on
HHD. We found that the popliteal fossa was traversed
Fig. 2. Examples of common varicose vein patterns.
Table 1. Distribution of incompetence in 239 primary legs and 225 recurrent legs.
Site of incompetence Number of
primary legs
(Total 239)
% Number of
recurrent legs
(Total 225)
%
Total sapheno-femoral junction (SFJ) 127 53 155 69
Type 1a ± ± 18 8
Type 1b ± ± 18 8
Type 1c ± ± 119 53
Cross groin (2a) ± ± 5 2
Perineal/vulval via SFJ 3 1 ± ±
Thigh perforator alone (2b) 9 4 17 8
Total thigh perforator 15 6 34 15
Non saphenous/buttock 9 4 5 2
Total sapheno-popliteal junction (SPJ) 51 21 56 25
Saphenopopliteal junction alone 36 15 24 14
Gaiter perforator alone 7 3 12 5
Deep venous incompetence 31 13 64 28
Normal 14 6 ± ±
Multiple sites of reflux 15 6 103 45
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by an incompetent vein in nearly 50% (89/180) of the
legs. This was either the popliteal vein itself, the SSV
(either as a Vein of Giacomini or supplied by the SPJ),
or a more superficial tributary of the LSV (usually
from its postero-medial thigh branch). Of these legs
with reflux in the popliteal fossa, the source of incom-
petence was solely the SFJ in 44% (39/89). In another
14/89 legs (16%) the source was partly the SFJ, and the
SPJ was incompetent in only 23/89 legs (26%). In the
remaining 13 positive HHD findings the site of incom-
petence was found to be the popliteal vein.
Non-saphenous system reflux (Non-SFJ)
The prevalence of non-saphenous varicose system
reflux in our overall series was low. However, such
varicosities, usually related to buttock perforators,
were found in a small number of legs (Table 1).
Thirteen percent of uncomplicated primary veins
from the 59 legs categorised by clinical severity had
non-saphenous varicosities.
Thigh perforator (TP) and gaiter perforator (GP)
Thigh perforator incompetence was uncommon,
found in 4% of primary varicose veins though the
incidence was higher in recurrent legs (15%). GP
incompetence alone was uncommon, found in 3% of
all primary and 5% of all recurrent legs. In the `` clinical
severity category'' analysis, GP incompetence was not
found in any `` primary'' varicose veins with ulcers,
and only in a small proportion of `` recurrent'' varicose
veins with ulcers.
Clinical severity category
Duplex mapping of the 59 primary legs showed over-
all distribution of reflux to be almost exactly the same
as in the whole primary group of 239 legs (Table 2).
This congruity suggests that the 59 legs are reasonably
representative of the whole group of 239 primary legs.
However, when looked at by clinical indication group
significant differences in the patterns of incompetence
emerge.
In primary legs the incidence of DVI was much
higher where there were non-ulcer moderate CVI or
leg ulcers than in legs with simple uncomplicated
varicose veins. Table 2 also shows that the latter are
less likely to have multiple sites of incompetence. In a
majority of ulcer cases the principal problem is super-
ficial incompetence only, the source commonly the SFJ.
Duplex mapping of the 58 recurrent legs showed
overall distribution of reflux to be almost the same as
in the large group of 225 legs. Again this suggests that
these 58 legs are reasonably representative of the
whole group of 225 recurrent legs. Looked at by clin-
ical indication group, differences again emerge and
are shown in Table 2.
The majority of recurrences in all three clinical indi-
cation groups were secondary to Type 1 SFJ recur-
rence, most frequently Type 1c (neovascularisation).
The distribution of Type 1 recurrence was uniform
regardless of severity category. Other striking findings
were that in patients with leg ulcer, the incidence of
SPJ incompetence found in those after varicose vein
surgery was three times that in those without a history
of surgery. Multiple sites of incompetence were three
to four times as common. DVI is much commoner in
recurrent uncomplicated and ulcerated recurrent legs
than in corresponding primary legs however the inci-
dence of DVI in non-ulcer moderate CVI legs was the
same in both primary and recurrent groups.
Discussion
Twenty percent of varicose vein surgery is for recur-
rence, and surgical treatment of varicose veins is asso-
ciated with a recurrence rate of 65% over 5 years.8 Part
of the reason for this is inadequate or inappropriate
first-time surgery.6 It is now believed that recurrences
may be minimised by accurate pre-operative diag-
nosis and effective, imaging-guided surgery.1 Many
studies have argued that clinical examination and
HHD alone are not sufficient for the evaluation of
varicose veins.9,10 Venous anatomy is highly variable,
with significant variations occurring in almost 25% of
uncomplicated varicose veins and even more fre-
quently in recurrent veins.11,12 Only Duplex US can
non-invasively allow accurate depiction of leg veins
combined with crucial functional information about
patterns of reflux. We believe a schematic diagram of
the whole leg displaying the Duplex US findings is
essential for surgical planning in complicated venous
disease. The system used in our study is simple and
affords the surgeon a clear, comprehensible visual
display of the venous anatomy and function in the
leg, allowing the planning of appropriate surgery.
In our study the incidence of SFJ incompetence in
primary veins (53%, 127/239) is lower than previously
reported in other studies.3,11,13 The reason for this is
not clear, but it probably reflects differences in referral
criteria. It may possibly also reflect a benefit of com-
prehensive whole-leg mapping as compared to more
limited examination focussing on selected vein
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segments. It is interesting that the incidence of SFJ
incompetence is the same for all three severity cate-
gories of venous disease in primary legs. Fifty-three
percent of primary legs with moderate CVI and 54%
of primary legs with ulcers had SFJ incompetence
alone, eminently treatable surgically.
The incidence of SFJ incompetence in recurrent legs
(69%) is similar to that found in other studies. Our
recurrent groin findings are overall similar to those
of Khaira et al.,14 although they did not attempt to
classify their groin recurrences. Our very high inci-
dence of Type 1c SFJ recurrences (77%) differs from
the findings in the Edinburgh varicogram study,6
where Type 1b recurrences were thought to be the
commonest. Our belief that Duplex is more accurate
than venography in distinguishing neovascularity
from collateral enlargement is supported by a histo-
pathological study of tissue blocks from recurrent
SFJs,15 suggesting neovascularity is the cause of the
vast majority of such recurrences. There is interest in
the use of physical barrier techniques such as PTFE
patch saphenoplasty, mersilene mesh or cribriform
fascia to prevent neo-vascularisation, and isolated
studies do appear to suggest benefit.16 However few
randomised trials support their use as yet.17 Surgical
re-exploration of the groin may be appropriate in all
types of SFJ recurrence, but accurate classification
should help by predicting the likely surgical problem
and certainly should assist accurate surgical audit.
The ability of clinical examination and HHD to
define anatomical pathways and patterns of incompe-
tence in the popliteal fossa is limited. Our study has
shown that the popliteal fossa may be traversed by
several different veins which may be part of an incom-
petent system and only Duplex mapping will sort
these out accurately. Nearly fifty percent of primary
varicose legs had HHD incompetence in the popliteal
fossa, confirmed by Duplex, but only 42% of these had
SPJ incompetence and only 15% popliteal vein DVI.
Importantly in 44% (39/89) of primary legs with pop-
liteal fossa reflux the source was SFJ incompetence
alone. This clearly has implications for correct surgical
planning and surgical exploration of the popliteal
fossa in these cases would be inappropriate.
Duplex US can also precisely locate the level of the
SPJ. Only 45% of our legs had an identifiable SPJ at the
traditional site. This conflicts with the findings of
Vasdekis et al.7 who on Duplex US found a SPJ at the
traditional site in 91% of 64 limbs examined. This high
figure however probably is explained in part by the
fact that 52 of the 64 legs in their study group were
being examined for clinically suspected primary or
recurrent SSV incompetence. The incidence of around
20% for SPJ incompetence is remarkably constant in
the literature, and is confirmed in our study for all
categories except recurrent legs with ulcers. Our find-
ing that in this group the incidence of SPJ incompe-
tence is almost three times higher raises interesting
questions. However without a pre-operative map for
comparison it is impossible to know whether pre-
existing SPJ incompetence was missed, and the previ-
ous surgery was inadequate, or whether the SPJ
incompetence developed subsequently.
Thigh perforator incompetence alone was unusual
in our cohort of primary legs, being found in only 4%.
This contrasts with previously quoted incidences.3
A further interesting finding is the low incidence of
Type 2 recurrences, including thigh perforator incom-
petence (15%), compared to that in the Edinburgh
venographic study (35%). Again this may be a reflec-
tion of the superiority of Duplex at detecting incom-
petence as opposed to mere anatomic patency, as very
small competent TPs were frequently seen on the
present study. Redwood and Lambert found on veno-
graphy18 a TP alone in 11% of 127 recurrent limbs, and
a total TP incidence of 65%, but believed that true TP
incompetence was uncommon, the high figure being
due to venographic display of normal communicators.
Incompetent perforating veins are more prevalent in
patients with recurrent varicose veins in this study
as in other series.19 Perforators have been considered
important in the pathogenesis of varicose ulcers,
although recently doubt has been expressed about
the significance of perforator incompetence in this
context and it is now suggested that coexisting sources
of reflux must be present in order to give rise to
clinical symptoms,20 and the clinical severity of recur-
rent disease is more accurately predicted by the
presence of DVI and multiple sites of reflux. Our
study supports this belief, as we failed to identify
isolated GP incompetence in any primary legs with
leg ulcer and GP incompetence alone was uncommon
in recurrent legs with ulcer. GPs were found without
demonstrable incompetence in many legs in all clin-
ical categories. It is possible however that some signi-
ficant GPs may not be seen with Duplex around ulcers
because of the practical difficulties of adequately
insonating the area. For the same reason demonstra-
tion of reflux in such GPs may not be possible.
A small proportion of legs have varicosities not
related to long or short saphenous systems, often
apparently arising from the buttock or perineum,
and frequently not diagnosed clinically. In our series
the prevalence of such reflux was 4% in primary legs
and 2% in recurrent legs. Similar findings have been
reported in other studies.21 Four examples of non-
saphenous incompetence were found in the last 59
primary leg cohort, and these were in the mildest
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clinical category, with uncomplicated varicose veins.
The incidence within this selected group was therefore
a surprising 13% which is worthy of note. It is thus
important that clinician and ultrasonographer are
aware of this entity as diagnosis and appropriate
surgery depends entirely on accurate Duplex imaging.
High tie and strip will not help these patients. The
reason for the low incidence of segmental LSV incom-
petence, only 3% in primary veins compared to 33%
found by Abu-Own et al.22 is not clear.
Our results shed interesting light on the issue of the
assessment of legs with CVI, with and without leg
ulcer. Of primary legs, 53% with non-ulcer moderate
CVI and 54% with ulcer were found to have SFJ
incompetence only, eminently treatable with surgery.
In fact only a third of such cases had DVI, similar to
the figures of 20±41% quoted in other studies.13 Sur-
gery aimed at femoro-popliteal valvular incompetence
in such cases has thus far not been proved to be of
value,13 although there is evidence that where there is
coexisting SFJ incompetence alteration of venous hae-
modynamics by ligation and stripping of the LSV may
in some cases be sufficient to relieve symptoms.23±25
DVI was found to be more common in recurrent legs
than in primary legs, especially in those with CVI and
particularly leg ulcer. It is speculated that femoro-
popliteal venous reflux when combined with incom-
petence of the short saphenous system or perforating
veins play a significant role in the development of
CVI.13 Multiple sites of reflux were expected to be
more common in recurrent varicose veins and indeed
over half of our group displayed this finding
(compared to 9% of uncomplicated primary veins).
Multiple sites were also more common in legs with
CVI or ulcer, whether primary or recurrent. As stated
above, an important finding was that in recurrent legs
with ulcer, SPJ incompetence was present in 57%:
almost three times as common as in primary legs
with ulcer and potentially surgically correctable.
Summary
We believe that Duplex US mapping is more accurate
than other current methods of assessment of varicose
veins, including clinical examination, HHD, and veno-
graphic techniques. It may be difficult to justify per-
forming comprehensive whole-leg mapping when a
significant number of patients have disease that may
not benefit from surgery. In an ideal world resources
and facilities for duplex mapping all patients with
venous disease would be available but at present it
may be necessary to be selective. Currently we pro-
pose scanning those cases in which there is doubt as to
the source of reflux, evidence of popliteal fossa incom-
petence on HHD, recurrent varicose veins, a history of
deep vein thrombosis, and clinical findings of CVI or
leg ulcer. Detailed whole-leg maps are of significant
help to the surgeon in planning surgery and ensuring
the correct operation is performed, particularly for the
less common variations of varicose vein disease. Fur-
ther trials will however be necessary before definite
conclusions can be drawn as to whether the use of
routine whole leg mapping will reduce the long term
incidence of recurrent venous disease.
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